SEMICONDUCTOR LASER DEVICE AND 
£\ METHOD FOR FABRICATING THE SAME 

m 2 5 2D01 

BACKGROUND OF THE INVENTION 

5 The present invention relates to a semiconductor laser 

device mainly used as a light source in a pickup for an opti- 
cal disk, and also relates to a method for fabricating the 
same. 

A j^ed-light-emitting semiconductor laser device , which 

0 is used a\ a light source for a digital video disc (which 
will be herein called a DVD), has an oscillation wavelength 
in the band firom 630 nm to 69 0 nm. This is shorter than the 
oscillation wavelength (in the band of 780 nm) of an infrared 
semiconductor laser device used for a known compact disc 

15 (which will be h\rein called a CD). Therefore, data can be 
read not only from DVDs but also from CDs by using the red- 
light-emitting semiconductor laser device. 

However, an optical disc like a write once CD (which 
will be herein called a CD-R) , in which an organic compound 

20 is used as its recording medium, has an optical reflectance 
that depends strongly on wavelength. For this and other rea- 
sons, it is impossible to read data from CD-Rs with the red- 
light-emitting semiconductor laser device, and the infrared 
semiconductor laser device is needed to read data from CD-Rs. 

25 Therefore, to read data from both DVDs and CD-Rs alike, 
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an optical pickup should be provided with two light sources, 
i.e., a red-light-emitting semiconductor laser device and an 
infrared semiconductor laser device. 

As techniques of providing two light sources for an op- 
5 tical pickup, hybrid integration technique, by which red- 
light-emitting and infrared semiconductor laser devices are 
provided independently, and monolithic integration technique, 
by which red-light-emitting and infrared semiconductor lasers 
are integrated on a single substrate, are known. 

10 In view of technical difficulty and productivity, the 

hybrid integration is prevailing at present. To further re- 
duce the size and costs of the optical pickups, however, the 
monolithic integration could be advantageous in future. 

For that reason, a semiconductor laser device, imple- 

15 mented by forming a red-light-emitting semiconductor laser 
structure for a wavelength band of 650 nm and an infrared 
semiconductor laser structure for a wavelength band of 7 80 nm 
side by side on a single GaAs substrate, was proposed at the 
60th Japan Society of Applied Physics Autumn Technical Meet- 

20 ing 3a-ZC-10 (1999). 

A red-light-emitting semiconductor laser structure is 
usually a multilayer structure made up of quaternary mixed 
crystals ( ( AlxGa^Jyl^yP (where 0 S x ^ 1 and 0 ^ y S 1 ) , which 
will be herein simply labeled as AlGalP), which consist es- 

25 sentially of Al , Ga, In and P. And an infrared semiconductor 
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laser structure is usually a multilayer structure made up of 
ternary mixed crystals (Al z Ga 1 . 2 As (where O^z^l), which will 
be herein simply labeled as AlGaAs), which consist essential- 
ly of Al , Ga and As. 
5 Also, to form two semiconductor laser structures on a 

single substrate, a first multilayer structure, made up of 
multiple semiconductor layers including a first active layer, 
is defined on the substrate. Then, the first multilayer 
structure is patterned to form a first semiconductor laser 

10 structure. Next, a second multilayer structure, made up of 
multiple semiconductor layers including a second active 
layer, is defined on the substrate, on which the first semi- 
conductor laser structure has been formed. Then, the second 
multilayer structure is patterned, thereby defining a second 

15 semiconductor laser structure. 

Hereinafter, a known monolithic semiconductor laser de- 
vice, implemented by forming a red-light-emitting semiconduc- 
tor laser structure on a first region of a substrate and an 
infrared semiconductor laser structure on a second region of 

20 the same substrate, will be described with reference to FIG. 
5. 

As shown in FIG. 5, a buffer layer 102 is formed out of 
an n-type GaAs layer on an n-type GaAs substrate 101. 

A first multilayer structure, consisting of first n-type 
25 cladding layer 103A formed out of an n-type AlGaAs layer, 
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first active layer 104A formed out of a GaAs layer and first 
p-type cladding layer 105A formed out of a p-type AlGaAs 
layer , is defined on a first region of the buffer layer 102, 
and constitutes a red-light-emitting semiconductor laser 
5 structure. 

A second multilayer structure, consisting of second n- 
type cladding layer 106A formed out of an ri-type AlGalnP 
layer, second active layer 107 A formed out of a GalnP layer 
and second p-type cladding layer 108A formed out of a p-type 
10 AlGalnP layer, is defined on a second region of the buffer 
layer 102, and constitutes an infrared semiconductor laser 
structure. 

A lower electrode 109, which becomes a common electrode, 
is formed on the lower surface of the n-type GaAs substrate 
15 101. A first upper electrode 110 is formed on the first p- 
type cladding layer 105A and a second upper electrode 111 is 
formed on the second p-type cladding layer 108A. 

Hereinafter, a method for fabricating the known semicon- 
ductor laser device will be described with reference to FIGS. 
20 6(a) through 6(d). 

First, a buffer layer 102 formed out of an n-type GaAs 
layer is deposited on an n-type GaAs substrate 101 and then 
n-type AlGaAs layer 103, GaAs layer 104 and p-type AlGaAs 
layer 105 are deposited in this order over the buffer layer 
25 102, thereby defining a first multilayer structure as shown 
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in FIG. 6(a) . 

Next, the first multilayer' structure is etched and pat- 
terned into a predetermined shape, thereby forming first n- 
type cladding layer 103A out of the n-type AlGaAs layer 103, 
5 first active layer 104A out of the GaAs layer 104 and first 
p-type cladding layer 105A out of the p-type AlGaAs layer 104 
on a first region of the buffer layer 102 as shown in FIG. 
6(b). In this manner, a red-light-emitting semiconductor las- 
er structure is formed out of the first multilayer structure. 

10 Thereafter, n-type AlGalnP layer 106, GalnP layer 107 

and p-type AlGalnP layer 108 are deposited in this order over 
the entire surface of the buffer layer 102, on which the red- 
light-emitting semiconductor laser structure has been de- 
fined, thereby forming a second multilayer structure as shown 

15 in FIG. 6(c) . 

Next, the second multilayer structure is etched and pat- 
terned into a predetermined shape, thereby forming second n- 
type cladding layer 106A out of the n-type AlGalnP layer 106, 
second active layer 107A out of the GalnP layer 107 and sec- 

20 ond p-type cladding layer 108A out of the p-type AlGalnP 
layer 108 on a second region of the buffer layer 102 as shown 
in FIG. 6(d). In this manner, an infrared semiconductor laser 
structure is formed out of the second multilayer structure. 

Then, a lower electrode 109 is formed on the lower sur- 

25 face of the n-type GaAs substrate 101. And a first upper 



5 



electrode 110 is formed on the first p-type cladding layer 
105A and a second upper electrode 111 is formed on the second 
p-type cladding layer 108A. Then, the known semiconductor 
laser device as shown in FIG. 5 can be obtained. 
5 In the known method for fabricating a semiconductor 

laser device, the first multilayer structure is etched and 
patterned into a predetermined shape, thereby exposing the 
buffer layer 102. Then, the n-type AlGalnP layer 106, GalnP 
layer 107 and p-type AlGalnP layer 108 are deposited in this 

10 order over the buffer layer 102 to form the infrared semicon- 
ductor laser structure. 

In the step of exposing the buffer layer 102 formed out 
of the n-type GaAs layer, however, over etching should be 
performed on the lowermost n-type AlGaAs layer 103 and the 

15 buffer layer 102 is etched excessively because the composi- 
tions of the GaAs and AlGaAs layers are similar. For this 
reason, the surface of the buffer layer 102 might become rug- 
ged considerably or a hole might be made in the buffer layer 
102, and the surface of the buffer layer 102 becomes adverse- 

20 ly uneven. 

If the n-type AlGalnP layer 106, GalnP layer 107 and p- 
type AlGalnP layer 108 are deposited in this order over the 
buffer layer 102 with the uneven surface, the resultant semi- 
conductor layers have disordered crystal structures and non- 
25 uniform compositions, thus causing a problem that a satisfac- 
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tory infrared semiconductor laser structure cannot be ob- 
tained. 

The above problem also arises likewise where the first 
multilayer structure to be the infrared semiconductor laser 
5 structure is formed, etched and patterned into the predeter- 
mined shape to expose the buffer layer 102 and then the sec- 
ond multilayer structure to be the red-light-emitting 
semiconductor laser structure is defined on the buffer layer 
102. 

10 

SUMMARY OF THE INVENTION 

The present invention is applicable to fabricating a 
monolithic semiconductor laser device by etching and pattern- 
ing a first multilayer structure into a predetermined shape 

15 and then by defining a second multilayer structure. And in 
view of the foregoing, an object of the present invention is 
to improve the crystallinity of the second multilayer struc- 
ture by getting the second multilayer structure well defined. 
To achieve this object, an inventive method for fabri- 

20 eating a semiconductor laser device includes the steps of: 
depositing an etching control layer, which has a composition 
different from that of a compound semiconductor substrate, 
over the entire surface of the substrate; defining a first 
multilayer structure over the entire surface of the etching 

25 control layer; forming a first semiconductor laser structure 
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out of the first multilayer structure on a first region of 
the substrate by selectively etching and patterning the first 
multilayer structure; defining a second multilayer structure 
over the entire surface of the substrate as well as over the 
5 first semiconductor laser structure; and forming a second 
semiconductor laser structure out of the second multilayer 
structure on a second region of the substrate by selectively 
etching and patterning the second multilayer structure. The 
first multilayer structure is made up of multiple semiconduc- 

10 tor layers including a first active layer with a composition 
different from that of the etching control layer. The second 
multilayer structure is made up of multiple semiconductor 
layers including a second active layer. 

In the inventive method for fabricating a semiconductor 

15 laser device, a first multilayer structure, made up of multi- 
ple semiconductor layers including a first active layer with 
a composition different from that of an etching control 
layer, is defined over the etching control layer deposited 
over a compound semiconductor substrate. And then, a first 

20 semiconductor laser structure is defined by selectively etch- 
ing and patterning the first multilayer structure. Thus, 
etching of the first multilayer structure can be stopped at 
the etching control layer. In this case, it is possible to 
avoid a situation, in which a second region of the substrate 

25 is damaged, in the step of etching the first multilayer 
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structure. Therefore, a second multilayer structure made up 
of multiple semiconductor layers including a second active 
layer can be well defined on the second region of the sub- 
strate. As a result , it is possible to improve the property 
5 of a second semiconductor laser structure formed out of the 
second multilayer structure. 

In the inventive method for fabricating a semiconductor 
laser device, the step of forming the first semiconductor las- 
er structure is preferably performed so that an etch rate of 

10 the first multilayer structure is higher than that of the 
etching control layer. 

In this manner, etching of the first multilayer struc- 
ture can be stopped at the etching control layer just as in- 
tended, and it is possible to avoid a situation, in which the 

15 second region of the compound semiconductor substrate is dam- 
aged by etching, with much more certainty. 

The inventive method for fabricating a semiconductor 
laser device preferably further includes the step of selec- 
tively etching away part of the etching control layer, which 

20 exists on the second region, between the step of forming the 
first semiconductor laser structure and the step of defining 
the second multilayer structure. 

In this manner, the second multilayer structure, made up 
of the multiple semiconductor layers including the second ac- 

25 tive layer, can be defined in an even better shape. 
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The inventive method for fabricating a semiconductor 
laser device preferably further includes the steps of: de- 
positing a buffer layer over the entire surface of the etch- 
ing control layer between the step of depositing the etching 
5 control layer and the step of defining the first multilayer 
structure; and selectively etching away part of the buffer 
layer, which exists on the second region, between the step of 
forming the first semiconductor laser structure and the step 
of defining the second multilayer structure. 

10 In this manner, the first and second multilayer struc- 

tures can be well defined on the first and second regions of 
the compound semiconductor substrate, respectively. 

If the inventive method for fabricating a semiconductor 
laser device includes the step of depositing the buffer layer 

15 over the etching control layer, the step of selectively etch- 
ing away the part of the buffer layer existing on the second 
region is preferably performed so that an etch rate of the 
buffer layer is higher than that of the etching control layer. 
In this manner, the part of the buffer layer existing on 

20 the second region can be etched away just as intended, and the 
second multilayer structure can be defined in an even better 
shape. 

If the inventive method for fabricating a semiconductor 
laser device includes the step of depositing the buffer layer 
25 over the etching control layer, the etching control layer is 
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preferably formed out of a Group III — V compound semiconductor 
layer containing P and the buffer layer is preferably formed 
out of a GaAs layer. 

In this way, the selective etching can be easily per- 
5 formed so that the etch rate of the buffer layer is higher 
than that of the etching control layer. Therefore, it is pos- 
sible to etch away the part of the buffer layer existing on 
the second region just as intended. 

I^the inventive method for fabricating a semiconductor 
10 laser device, the compound semiconductor substrate is prefera- 
bly a GaA\ substrate and the etching control layer is prefera- 
bly formed \put of a Group III - V compound semiconductor layer 
containing p\ 

In this way, etching of the first multilayer structure 
15 can be stopped at the etching control layer to avoid a situa- 
tion in which the second region of the compound semiconductor 
substrate is damaged. Therefore, the second multilayer struc- 
ture can be well defined. 

In the inventive method for fabricating a semiconductor 
20 laser device, the etching control layer is preferably made of 
(Al x Ga 1 _ x ) y I 1 . y P (where O^x^l and O^y^l) and the first multi- 
layer structure preferably includes semiconductor layers made 
of Al.Ga^As (where O^z^l). 

In this way, etching of the first multilayer structure 
25 can be stopped at the etching control layer just as intended, 
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and it is possible to avoid a situation, in which the second 
region of the compound semiconductor substrate is damaged, 
with much certainty. 

l\ the inventive method for fabricating a semiconductor 
5 laser dev&ce, the etching control layer is preferably made of 
Al z Ga 1 . 2 As (w^re 0 ^ z S 1 ) and the first multilayer structure 
preferably inqdudes semiconductor layers made of ( Al x Ga 1 _ x ) y I x _ y P 

(where O^x^l 3bd O^y^l). 

In this way, etching of the first multilayer structure 

10 can be stopped at the etching control layer just as intended, 
and it is possible to avoid a situation, in which the second 
region of the compound semiconductor substrate is damaged, 
with much certainty. 

A semiconductor laser device according to the present 

15 invention includes: an etching control layer, which is formed 
on a first region of a compound semiconductor substrate and 
has a composition different from that of the substrate; a 
first semiconductor laser structure, which is defined over 
the etching control layer and which is made up of multiple 

20 semiconductor layers including a first active layer with a 
composition different from that of the etching control layer; 
and a second semiconductor laser structure, which is defined 
on a second region of the substrate and which is made up of 
multiple semiconductor layers including a second active 

25 layer. 
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In the inventive semiconductor laser device, the multi- 
ple semiconductor layers, including the first active layer 
with a composition different from that of the etching control 
layer, are deposited over the etching control layer formed 
5 over the compound semiconductor substrate. And then it is pos- 
sible to define the first semiconductor laser structure by se- 
lectively etching and patterning the multiple semiconductor 
layers. Therefore, a situation in which the second region of 
the substrate is damaged by etching is avoidable, and it is 

10 possible to deposit the multiple semiconductor layers, includ- 
ing the second active layer, in good shapes on the second re- 
gion of the substrate. As a result, it is possible to improve 
the property of the second semiconductor laser structure. 

In the inventive semiconductor laser device, no part of 

15 the etching control layer preferably exists between the second 
region of the substrate and the second semiconductor laser 
structure. 

In such an embodiment, the multiple semiconductor layers, 
including the second active layer, to be the second semicon- 
20 ductor laser structure can be deposited in even better shapes. 

In the inventive semiconductor laser device, the etching 
control layer preferably has a thickness of more than 0//m and 
equal to or less than 0.1 //m. 

Then, the etching control layer will have a minimum ef- 
25 feet on the deposition of the multiple semiconductor layers 
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including the first active layer. Consequently, the property 
of the first semiconductor laser structure, made up of the 
multiple semiconductor layers including the first active 
layer , improves • 

5 The inventive semiconductor laser device preferably fur- 

ther includes a buffer layer between the etching control 
layer, formed on the first region of the substrate, and the 
first semiconductor laser structure. 

Then, the multiple semiconductor layers including the 

10 first active layer are deposited in good shapes, thus improv- 
ing the property of the first semiconductor laser structure 
made up of the multiple semiconductor layers including the 
first active layer. 

If the inventive semiconductor laser device includes the 

15 buffer layer between the etching control layer and the first 
semiconductor laser structure, the etching control layer is 
preferably formed out of a Group IH-V compound semiconductor 
layer containing P and the buffer layer is preferably formed 
out of a GaAs layer. 

20 In such an embodiment, the part of the buffer layer ex- 

isting on the second region can be etched away just as in- 
tended. Therefore, the multiple semiconductor layers, 
including the second active layer, can be deposited in good 
shapes to improve the property of the first semiconductor 

25 structure. 
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In the inventive semiconductor laser device, the compound 
semiconductor substrate is preferably a GaAs substrate and the 
etching control layer is preferably formed out of a Group III- 
V compound semiconductor layer containing P. 
5 In that case, the first semiconductor laser structure, 

made up of the multiple semiconductor layers including the 
first active layer, can be defined without damaging the second 
region of the substrate. Therefore, the multiple semiconductor 
layers including the second active layer can be deposited in 
10 good shapes on the second region of the substrate. 

InVthe inventive semiconductor laser device, the etching 
control l^yer is preferably made of (Kl x Ga. 1 _ x ) y I 1 _ y P (where O^x 
^ 1 and 0 ^ 1 ) and the first semiconductor laser structure 
preferably includes semiconductor layers made of Al 2 Ga 1 . 3 As 
15 (where O^z^l^. 

Then, the first semiconductor laser structure, made up 
of the multiple semiconductor layers including the first ac- 
tive layer, can be defined without damaging the second region 
of the substrate. Therefore, the multiple semiconductor lay- 
20 ers including the second active layer can be deposited in 
good shapes on the second region of the substrate. 

In th^inventive semiconductor laser device, the etching 
control layeAis preferably made of Al 2 Ga 1 _ z As (where O^z^l) 
and the first multilayer structure preferably includes semi- 
25 conductor layersimade of ( Al x Ga 1 _ x ) y I 1 . y P (where O^x^l and O^y 
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In such an embodiment, the first semiconductor laser 
structure, made up of the multiple semiconductor layers in- 
cluding the first active layer, can be defined without damag- 
5 ing the second region of the substrate. Therefore, the 
multiple semiconductor layers including the second active 
layer can be deposited in good shapes on the second region of 
the substrate. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional view of a semiconductor 
laser device according to a first embodiment of the present 
invention. 

FIG. 2 is a cross-sectional view of a semiconductor 
15 laser device according to a second embodiment of the present 
invention. 

FIGS. 3(a) through 3(d) are cross-sectional views illus- 
trating respective process steps of a method for fabricating 
the semiconductor laser device of the first embodiment. 
20 FIGS. 4(a) through 4(d) are cross-sectional views illus- 

trating respective process steps of a method for fabricating 
the semiconductor laser device of the second embodiment. 

FIG. 5 is a cross-sectional view of a known semiconduc- 
tor laser device. 
25 FIGS. 6(a) through 6(d) are cross-sectional views illus- 
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t rating respective process steps of a method for fabricating 
the known semiconductor laser device. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

5 EMBODIMENT 1 

Hereinafter, a semiconductor laser device according to a 
first embodiment of the present invention will be described 
with reference to FIG. 1. 

As shown in FIG. 1, a first buffer layer 11 is formed 
10 out of an n-type GaAs layer with a thickness of about 0. l//m 
on an n-type GaAs substrate 10. 

An etching control layer 12 is formed out of an n-type 
GalnP layer on a first region of the first buffer layer 11. 
And a patterned second buffer layer 13A is formed out of an 
15 n-type GaAs layer on the etching control layer 12. Also, 
first n-type cladding layer 14A formed out of an n-type 
A 1 GaAs layer, first active layer 15A formed out of a GaAs 
layer and first p-type cladding layer 16A formed out of a p- 
type AlGaAs layer are stacked in this order over the pattern- 
20 ed second buffer layer 13A. And an infrared semiconductor 
laser structure is made up of the first n-type cladding, 
first active and first p-type cladding layers 14A, 15A and 
16A. 

On the other hand, second n-type cladding layer 17 A 
25 formed out of an n-type AlGalnP layer, second active layer 



17 




18A formed out of a GalnP layer and second p-type cladding 
layer 19A formed out of a p-type AlGalnP layer are stacked in 
this order on a second region of the first buffer layer 11. 
And a red-light-emitting semiconductor laser structure is 
5 made up of the second n-type cladding, second active and sec- 
ond p-type cladding layers 17A, 18A and 19A. 

Further , a lower electrode 21 is formed on the lower 
surface of the GaAs substrate 10. And first and second upper 
electrodes 22 and 23 are formed on the upper surfaces of the 
10 first and second p-type cladding layers 16A and 19A, respec- 
tively. 

Hereinafter, a method for fabricating the semiconductor 
laser device of the first embodiment will be described with 
reference to FIGS. 3(a) through 3(d). 

15 First, a first buffer layer 11, formed out of an n-type 

GaAs layer with a thickness of about 0.1//m, and an etching 
control layer 12, formed out of an n-type GalnP layer with a 
thickness of about 0.01//m, are deposited in this order over 
an n-type GaAs substrate 10 as shown in FIG. 3(a). Then, sec- 

20 ond buffer layer 13 formed out of an n-type GaAs layer with a 
thickness of about 0.3//m, n-type AlGaAs layer 14, GaAs layer 
15 and p-type AlGaAs layer 16 are deposited in this order 
over the etching control layer 12, thereby defining a first 
multilayer structure . 

25 Next, as shown in FIG. 3(b), the first multilayer struc- 
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ture is wet-etched using an etchant, which makes the etch 
rate of the AlGaAs and GaAs layers higher than that of the 
GalnP layer (e.g., an etchant containing sulfuric acid and 
hydrogen peroxide water mixed at 1:1), until the etching con- 
5 trol layer 12 is exposed. In this manner, first n-type clad- 
ding layer 14A formed out of the n-type AlGaAs layer 14, 
first active layer 15A formed out of the GaAs layer 15, first 
p-type cladding layer 16A formed out of the p-type AlGaAs 
layer 16 and patterned second buffer layer 13A are stacked on 

10 a first region of the GaAs substrate 10. And an infrared 
semiconductor laser structure made up of the first n-type 
cladding, first active and first p-type cladding layers 14A, 
15A and 16A can be obtained. 

Subsequently, the etching control layer 12 is wet-etched 

15 using an etchant, which makes the etch rate of the GalnP 
layer higher than that of the GaAs layers (e.g., an etchant 
consisting essentially of hydrochloric acid), until the first 
buffer layer 11 is exposed . In this manner , the etching con- 
trol layer 12 is left only in the first region. 

20 Next, as shown in FIG. 3(c), n-type AlGalnP, GalnP and 

p-type AlGalnP layers 17, 18 and 19 are stacked in this order 
over the entire surfaces of the first buffer layer 11 and 
infrared semiconductor laser structure, thereby defining a 
second multilayer structure. 

25 Then, as shown in FIG. 3(d), the second multilayer 
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structure is wet-etched using an etchant making the etch rate 
of the AlGalnP and GalnP layers higher than that of the GaAs 
layers (e.g., an etchant consisting essentially of hydrochlo- 
ric acid), thereby forming second n-type cladding, second ac- 
5 tive and second p-type cladding layers 17A, 18A and 19A out 
of the n-type AlGalnP, GalnP and p-type AlGalnP layers 17, 18 
and 19, respectively, on a second region of the GaAs sub- 
strate 10. In this manner, a red-light-emitting semiconductor 
laser structure made up of the second n-type cladding, second 
10 active and second p-type cladding layers 17A, 18A and 19A can 
be obtained. 

Thereafter, a lower electrode 21 is formed on the lower 
surface of the GaAs substrate 10. And first and second upper 
electrodes 22 and 23 are formed on the upper surfaces of the 

15 first and second p-type cladding layers 16A and 19A, respec- 
tively. In this manner, the semiconductor device of the first 
embodiment shown in FIG. 1 can be obtained. 

According to the first embodiment, the first multilayer 
structure, made up of the n-type A 1 GaAs , GaAs and p-type 

20 A 1 GaAs layers 14, 15 and 16 r is defined on the second buffer 
layer 13 formed out of a GaAs layer with a thickness of about 
0.3 //m. Therefore, although the etching control layer 12 
formed out of an n-type GalnP layer exists over the GaAs sub- 
strate 10, the first multilayer structure, and eventually the 

25 infrared semiconductor laser structure, can have their crys- 
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tallinity improved . 

Also, even if the surface of the GaAs substrate 10 is 
not flat enough or has degraded crystallinity due to defects 
or contamination, for example, the second multilayer structu- 
5 re to be the red-light-emitting semiconductor laser structure 
can be defined well because the first buffer layer 11 formed 
out of an n-type GaAs layer exists on the GaAs substrate 10. 

Further, the etching control layer 12 formed out of an 
n-type GalnP layer exists under the second buffer layer 13 
10 formed out of an n-type GaAs layer. Accordingly, etching of 
the first multilayer structure, made up of the second buffer, 
n-type AlGaAs, GaAs and p-type A 1 GaAs layers 13, 14, 15 and 
16, is stopped at the upper surface of the etching control 
layer 12. 

15 Furthermore, the first buffer layer 11 formed out of an 

n-type GaAs layer exists under the etching control layer 12 
formed out of an n-type GalnP layer. Accordingly, etching of 
the etching control layer 12 is stopped at the upper surface 
of the first buffer layer 11. 

20 Consequently, the second multilayer structure to be the 

red-light-emitting semiconductor laser can be well defined 
because the second region of the first buffer layer 11 is un- 
likely to be damaged by etching. 

It should be noted that the first buffer layer 11 is not 

25 easily damaged by etching but might possibly be damaged 
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slightly. 

In that case, a GaAs layer is preferably deposited to an 
appropriate thickness over the first buffer layer 11 , which 
has been exposed by etching, and the n-type AlGalnP layer 17 
5 is preferably deposited on the GaAs layer. Then, the second 
multilayer structure can be defined in an even better shape. 

EMBODIMENT 2 

Hereinafter, a semiconductor laser device according to a 

10 second embodiment of the present invention will be described 
with reference to FIG. 2. 

As shown in FIG. 2, a first buffer layer 11, formed out 
of an n-type GaAs layer with a thickness of about 0.1 /Jim, 
and an etching control layer 12, formed out of an n-type 

15 GalnP layer, are stacked in this order over the entire sur- 
face of an n-type GaAs substrate 10. 

Patterned second buffer layer 13A formed out of an n- 
type GaAs layer, first n-type cladding layer 14A formed out 
of an n-type A 1 GaAs layer, first active layer 15A formed out 

20 of a GaAs layer and first p-type cladding layer 16A formed 
out of a p-type A 1 GaAs layer are stacked in this order on a 
first region of the etching control layer 12. And an infrared 
semiconductor laser structure is made up of the first n-type 
cladding, first active and first p-type cladding layers 14A, 

25 15A and 16A. 
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On the other hand, second n-type cladding layer 17A 
formed out of an n-type AlGalnP layer, second active layer 
18A formed out of a GalnP layer and second p-type cladding 
layer 19A formed out of a p-type AlGalnP layer are stacked in 
5 this order on a second region of the etching control layer 12. 
And a red-light-emitting semiconductor laser structure is 
made up of the second n-type cladding, second active and sec- 
ond p-type cladding layers 17A, 18A and 19A. 

Further, a lower electrode 21 is formed on the lower 
10 surface of the GaAs substrate 10. And first and second upper 
electrodes 22 and 23 are formed on the upper surfaces of the 
first and second p-type cladding layers 16A and 19A, respec- 
tively. 

Hereinafter, a method for fabricating the semiconductor 
15 laser device of the second embodiment will be described with 
reference to FIGS. 4(a) through 4(d). 

First, a first buffer layer 11, formed out of an n-type 
GaAs layer with a thickness of about 0.1/Zm, and an etching 
control layer 12, formed out of an n-type GalnP layer with a 
20 thickness of about 0.01 JULm, are deposited in this order over 
an n-type GaAs substrate 10 as shown in FIG. 4(a). Then, sec- 
ond buffer layer 13 formed out of an n-type GaAs layer with a 
thickness of about 0.3/^m, n-type AlGaAs layer 14, GaAs layer 
15 and p-type AlGaAs layer 16 are stacked in this order over 
25 the etching control layer 12, thereby defining a first multi- 
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layer structure. 

Next, as shown in FIG. 4(b), the first multilayer struc- 
ture is selectively wet-etched to expose a second region of 
the etching control layer 12. In this manner, first n-type 
5 cladding layer 14A formed out of the n-type AlGaAs layer 14, 
first active layer 15A formed out of the GaAs layer 15, first 
p-type cladding layer 16A formed out of the p-type AlGaAs 
layer 16 and patterned second buffer layer 13A are stacked on 
a first region of the GaAs substrate 10. And an infrared 

10 semiconductor laser structure made up of the first n-type 
cladding, first active and first p-type cladding layers 14A, 
15A and 16A can be obtained. 

Subsequently, as shown in FIG. 4(c), n-type AlGalnP, 
GalnP and p-type AlGalnP layers 17, 18 and 19 are deposited 

15 in this order over the entire surfaces of the etching con- 
trol layer 12 and infrared semiconductor laser structure, 
thereby defining a second multilayer structure. 

Next, as shown in FIG. 4(d), the second multilayer 
structure is selectively wet-etched, thereby forming second 

20 n-type cladding, second active and second p-type cladding 
layers 17A, 18A and 19A out of the n-type AlGalnP, GalnP and 
p-type AlGalnP layers 17, 18 and 19, respectively, on the 
second region of the etching control layer 12. In this manner, 
a red-light-emitting semiconductor laser structure made up of 

25 the second n-type cladding, second active and second p-type 
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cladding layers 17A, 18A and 19A can be obtained. 

Thereafter, a lower electrode 21 is formed on the lower 
surface of the GaAs substrate 10. And first and second upper 
electrodes 22 and 23 are formed on the upper surfaces of the 
5 first and second p-type cladding layers 16A and 19A, respec- 
tively. In this manner, the semiconductor device of the sec- 
ond embodiment shown in FIG. 2 can be obtained. 

According to the second embodiment, the first multilayer 
structure, made up of the n-type AlGaAs, GaAs and p-type 

10 AlGaAs layers 14, 15 and 16, is defined on the second buffer 
layer 13 formed out of the GaAs layer with a thickness of 
about 0.3 //m. Therefore, although the etching control layer 
12 formed out of an n-type GalnP layer exists over the GaAs 
substrate 10, the first multilayer structure to be the infra- 

15 red semiconductor laser structure can have its crystallinity 
improved . 

Also, even if the surface of the GaAs substrate 10 is 
not flat enough or has degraded crystallinity due to defects 
or contamination, for example, the second multilayer structu- 
20 re to be the red-light-emitting semiconductor laser structure 
can be well defined because the first buffer layer 11 formed 
out of an n-type GaAs layer exists on the GaAs substrate 10. 

Further, the etching control layer 12 formed out of the 
n-type GalnP layer exists under the second buffer layer 13 
25 formed out of the n-type GaAs layer. Accordingly, etching of 
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the first multilayer structure, made up of the second buffer, 
n-type AlGaAs, GaAs and p-type AlGaAs layers 13, 14, 15 and 
16, is stopped at the upper surface of the etching control 
layer 12. 

5 Consequently, the second multilayer structure to be the 

red-light-emitting semiconductor laser structure can be well 
defined because the etching control layer 12 is not easily 
damaged by etching. 

It should be noted that the etching control layer 12 is 

10 deposited on the first buffer layer 11 in the first and sec- 
ond embodiments. Alternatively, the etching control layer 12 
may be deposited directly on the GaAs substrate 10 without 
depositing the first buffer layer 11 on the GaAs substrate 10. 
In that case, a situation in which the GaAs substrate 10 is 

15 damaged by etching is avoidable. 

Also, the etching control layer 12 has a thickness of 
0.01 JUL va in the first and second embodiments. However, the 
etching control layer 12 may have a thickness of more than 0 
jum and equal to or less than O.l^m. In this manner, the 

20 etching control layer 12 will have a minimum effect on the 
second buffer layer 13 for the first and second embodiments 
and on the n-type AlGalnP layer 17 for the second embodiment. 
Therefore, the first and second multilayer structures can be 
well defined. 

25 Further, the first and second active layers 14A and 18 
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in the first and second embodiments may have either a single 
quantum well structure or a multiple quantum well structure. 

Furthermore, the etching control layer 12 in the first 
and second embodiments does not have to be a GalnP layer but 
5 may be a semiconductor layer, which has a lattice constant 
almost equal to that of a GaAs layer and a sufficiently high 
etch selectivity against the GaAs layers. Also, the etching 
control layer 12 does not have to be a single layer but may 
be made up of multiple layers, which are composed of mixed 
10 crystals containing a first Group V element (e.g., As) and 
mixed crystals containing a second Group V element (e.g., 
P). 

Moreover, in the first and second embodiments, the etch- 
ing control layer 12 is formed out of the AlGalp layer and 

15 the first multilayer structure is made up of multiple semi- 
conductor layers including the AlGaAs layers. Alternatively, 
the etching control layer 12 may be formed out of an AlGaAs 
layer and the first multilayer structure may be made up of 
multiple semiconductor layers including AlGalnP layers. 

20 In that case, etching of the first multilayer structure 

can also be stopped at the upper surface of the etching con- 
trol layer 12, and it is possible to avoid a situation, in 
which the second region of the GaAs substrate 10 is damaged, 
just as intended. 
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